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1 . A high voltage field-effect transistor (HVFET) comprising: 
a substrate of a first conductivity type; 

a first region of a secorrd conductivity type disposed within the substrate; 

a source diffusion region of the second conductivity type disposed in the 
substrate spaced-apart from/the first region, a channel region being formed in the 
substrate between the source diffusion region and the first region; 

a source electrode connected to the source diffusion region; 

a drain diffusion region of the second conductivity type disposed within the 
first region; 

a drain electrode connected to the drain diffusion region; 
a buried region o| the first conductivity type disposed within the first 
region, a first conduction channel being formed above the buried region and a 



13J3 second conduction channel being formed below the buried region, the buried 



region being spaced-apart from the drain diffusion region; and 

/ / 

an insulated gate/formed over the channel region. 
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2. The HVFET according to claim 1 further comprising: 

a second region of the first conductivity type disposed within the substrate, 



the source diffusion 



3. The HVFEp" 
a third regiop 
adjacent to the source 



region being disposed within the second region. 



according to claim 2 further comprising 
of the first conductivity type disposed in the second region 
diffusion region. 
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1 4. The HVFET according to claim 1 wherein the buried region is 

2 connected to the substrate. 

1 5. The HVFET of claim 1 further comprising: 

2 a tap diffusion region of the second conductivity typ^ disposed in the first 

3 region near a perimeter boundary of the first region. 



1 6. The HVFET according to claim 1 furtheycomprising: 

2^ a second buried region of the first conductivity type disposed within the 

3*3 substrate beneath the source diffusion region./ 

yi 

IfU 7. The HVFET according to claim 6 /^herein the second buried region 



I 



2hv\ extends laterally from the source diffusion region under the channel region. 

I . / 

1^1 8. The HVFET according to claim 1 wherein the first and second 

111 conductivity types are p-type and n-type, respectively. 

1 9. The HVFET accordin^W^im 1 wherein the buried region includes 

2 one or more openings that connec^tne first and second conduction channels. 



1 10. The HVFET according to claim 1 wherein the source and drain 

2 electrodes include field plate^members. 



1 11. The HVFET according to claim 1 wherein the buried region comprises a 

2 plurality of buried layers th/at form a corresponding plurality of conduction 

3 channels. 




003692. P007 -27 - 



1 12. A high voltage field-effect transistor (HVFET) comprisi/ig: 

2 a substrate of a first conductivity type; 

3 a first region of a second conductivity type disposed w/ithin the substrate; 

4 a source diffusion region disposed in the substrate sfpaced-apart from the 

5 first region, an IGFET channel region being formed between the source diffusion 

6 region and the first region; 

7 a drain diffusion region disposed in the first region; 

8 a buried region of said first conductivity type /disposed within the first 

9 region, the buried region forming JFET channels within the first region, one JFET 

1§3 channel being formed above the buried region a/d another JFET channel below 

yj / 

1 jj the buried region, the buried region being spaced-apart from the drain diffusion 

IB* region; / 
lpj an insulated gate formed above XheJGFET channel region. 

•Jj 

|j 13. The HVFET according to clairn/1 2 wherein the first region has a first 

% surface that borders a surface of the substrate. 

s / 

1 1 4. The HVFET according to claim 1 2 further comprising: 

2 a second buried region of tMnjirst conductivity type disposed beneath the 

3 source diffusion region. ry/ 

1 15. The HVFET according to claim 14 wherein the second buried region 

2 extends laterally under the IGFET channel region. 



1 6. The HVFET according to claim 1 2 wherein the buried region comprises 
a plurality of buried layers that form a corresponding plurality of JFET channels. 
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1 17. The HVFET according to claim 12, furtherycomprising: 

2 a second region of the first conductivity types disposed in the substrate 

3 adjacent to the source diffusion region. / 

1 1 8. The HVFET according to claim 1 2, further comprising: 

2 a source electrode connected to the/source diffusion region; and 

3 a drain electrode connected to the/drain diffusion region. 

1 1 9. The HVFET according to claim 1 8 wherein the source and drain 

2 r i electrodes include field plate members. 

I / 

p. 1 * / 

(4 20. The HVFET according to claim 1 2 further comprising: 

n i / 

|jj a tap diffusion region of the second conductivity type disposed in the first 

3 s * 8 region near a perimeter boundary of the first region. 

? / 

21 . The HVFET according^ claim 1 2 wherein the first region is disposed in 

23 an epitaxial layer. xfA 

1 22. The HVFET according to claim 12 wherein the buried region includes 

2 one or more openings that connect the one and the another of the JFET 

3 channels. / 

1 23. The HVFETf according to claim 12 wherein the first and second 

2 conductivity types ate p-type and n-type, respectively. 

1 24. The HVFET according to claim 12 wherein the source diffusion region 

2 has a source fingehip area, and the first region has a pair of drain fingertips 
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areas inter-digitated with the source fingertip/area, the drain diffusion region 
being disposed in the pair of drain fingertip areas of the first region. 

25. The HVFET according to claimy24 further comprising a buffer region 
disposed between the source diffusion /egion and the first region about the 
source fingertip area, the buffer regior/ being substantially wider than the IGFET 
channel region. 

26. A high voltage field-effect transistor (HVFET) comprising: 
a substrate of a first conductivity type; 

a first region of a second/conductivity type disposed in the substrate, the 

first region having an above region, a below region and a lateral boundary; 

/ 

at least one buried region of the first conductivity type sandwiched within 

/ 

the first region between the above and below regions; 

/ 

a source diffusion reaion of the second conductivity type disposed in the 
substrate, an IGFET channel region being formed between the source diffusion 
region and the first region/ 

a drain diffusion ra^n of said second conductivity type disposed in the 
first region spaced-apartlMri the at least one buried region; 

an insulated gate' formed over the IGFET channel region. 



27. The HVFET according to claim 26 wherein the at least one buried 
region extends beyond the lateral boundary of the first region into the substrate. 



28. The HVFETj of claim 26 further comprising: 



a source elec 
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rode connected to the source diffusion region; and 



a drain electrode connected to the drain diffusion region. 
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29. The HVFET of claim 28 wherein the source and drain electrodes each 
include a field plate member. 



30. The HVFET of claim 26 wherein the at lea§t one buried region is 
spaced-apart from the lateral boundary. 

31 . The HVFET according to claim 26 whprein the first and second 
conductivity types are p-type and n-type, respectively. 



32. The HVFET according to claim 26 wherein the source diffusion region 

/ 

has a source fingertip area and the first region has a pair of drain fingertip areas 
inter-digitated with the source fingertip Jrea. 



33. The HVFET according to daim 32 further comprising a buffer region 
disposed between the source diffusion cegion and the first region about the 
source fingertip area, the bufferrt^pi^n being substantially wider than the IGFET 
channel region. 



34. The HVFET according to claim 26 wherein the at least one buried 
region comprises a plurality of|buried layers which form a corresponding plurality 
of JFET conduction channels.! 



35. The HVFET according to claim 26 further comprising: 

a tap diffusion region/of the second conductivity type disposed in the first 
region near a perimeter boundary of the first region. 
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1 36. The HVFET according to claim 26 wherein the first region is disposed in 

2 an epitaxial layer. / 

1 37. The HVFET according to claim 26 Wnerein the at least one buried 

2 region includes one or more openings that connect the above and below regions. 

1 38. The HVFET according to claimy26 wherein the at least one buried 

2 region is connected to the substrate. / 

0 / 

Gj 39. A high voltage field-effecyransistor (HVFET) comprising: 
a substrate of a first conductivity type; 

a first region of a second conductivity type; 

pi /; 

I; a source diffusion region^of the second conductivity type disposed in the 

yj /' 

| a substrate spaced-apart from tlfie first region to form an IGFET channel region 

63 therebetween; / 

13 a drain diffusion region disposed in the first region; 

□ / 

h a first plurality of buried layers of the first conductivity type disposed within 

9 the first region spaced-afj^rttfrom the drain diffusion region, the first plurality of 

10 buried layers forming aap^ciated plurality of JFET channels in the first region; 

1 1 an insulating layer disposed over the substrate; and 

12 a gate overlyingfan area of the insulating layer above the IGFET channel 

13 region. ^ 

1 40. The HVFE jT according to claim 39 further comprising: 

2 a second plurality of buried layers of the first conductivity type disposed 

3 beneath the sourceldiffusion region. 
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41 . The HVFET according to claim 40 wherein the second plurality of buried 
layers extend under the IGFET channel region. 

42. The HVFET according to claim 39 further Comprising: 
a second region of the first conductivity type disposed in the substrate 

adjacent the source diffusion region. 



43. The HVFET according to claim 39 further comprising: 

/ 

a source electrode connected to the source diffusion region; and 
a drain electrode connected to the drain diffusion region. 



44. The HVFET according t6 claim 43 wherein the source electrode 
includes a first field plate n^mnfe/that extends over the gate. 




45. The HVFET according to claim 44 wherein the drain electrode includes 
a second field plate member. 

46. The HVFET according to claim 39 wherein each of the first plurality of 
buried regions includes orye or more openings that connect adjoining ones of the 
JFET channels. 



47. The HVFET according to claim 39 further comprising: 

a tap diffusion region of the second conductivity type disposed in the first 
region near a perimetejr boundary of the first region. 



48. The HVFET According to claim 39 wherein the first region comprises an 
epitaxial layer disposod on the substrate. 
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49. The HVFET according to fcjfiim 39 wherein the first region comprises a 
well region disposed in the substf|fe. 

50. A high voltage field-effect transistor (HVFET) comprising: 
a substrate of a first conductivity type; 

a source diffusion region of a second conductivity type disposed in the 
substrate, the source diffusion region having a source fingertip area; 

a first region of the second conductivity type disposed in the substrate 
spaced-apart from the source diffusion region with an IGFET channel region 
being formed therebetween, the first region having a pair of drain fingertips areas 
inter-digitated with the source fingertip area; 

a drain diffusion region of the second conductivity type disposed in the first 

region, 

a buffer area formed between the source diffusion region and the first 
region adjacent the source fingertip area, the buffer area being substantially 
wider than the IGFET channel region; 

an insulated gate disposed above the IGFET channel region; 

at least one buried layer of the first conductivity type disposed within the 
first region, the at least one buried layer forming two or more JFET channels in 
the first region. 

51 . The HVFET of claim 50 further comprising: 

a drain electrode that includes a drain field plate which overlaps a portion 
of the first region. 



52. The HVFET of claim 50 further comprising: 
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a source electrode that includes a source field plate which extends over 
the insulated gate. 

53. The HVFET of claim 50 further comprising: 

a tap diffusion region of the second conductivity type disposed in the first 
region near a perimeter boundary of the first region. 

54. The HVFET according to claim 50 wherein the at least one buried layer 
comprises a plurality of buried layers forming an associated plurality of JFET 
channels in the first region. 

55. The HVFET according to claim 50 further comprising: 

a second plurality of buried layers of the first conductivity type disposed 
beneath the source diffusion region. 

56. The HVFET according to claim 55 wherein the second plurality of buried 
layers extends beneath the IGFET channel region. 

57. The HVFET according to claim 50 wherein the at least one buried layer 
is connected to the substrate. 

58. A high voltage field-effect jrjansistor (HVFET) comprising: 
a substrate of a first conducmH^type; 

a first region of a second conB^tivity type; 

a second region of the first Conductivity type disposed in the first region; 
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a source diffusion region of the second conductivity type disposed in the 
second region, a channel region being formed between the first region and the 
source diffusion region; 

a drain diffusion region of the second/conductivity type disposed in the first 

region; 

a buried region of the first conductivity type sandwiched within the first 
region to form first and second JFET channels therein, the first JFET channel 
being formed above the buried region ^and the second JFET channel being 
formed below the buried region, the buried region being spaced-apart from the 
drain diffusion region; 

an insulated gate formed o\fer the channel region. 



59. The HVFET according' to claim 58 further comprising: 

a source electrode connected to the source diffusion region; and 
a drain electrode connected to the drain diffusion region. 



60. The HVFET according to claim 59 wherein the drain electrode includes 
a field plate member that extends over a portion of the first region between the 
drain diffusion region aAditjne buried region. 




61 . The HVFET according to claim 58 wherein the first region comprises an 

t r 



epitaxial layer disposed' on the substrate. 



62. The HVFET 
well region disposed 



according to claim 58 wherein the first region comprises a 
h the substrate. 
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1 63. The HVFET according to claim 58 wherein the fir/t conductivity type is 

2 p-type and the second conductivity type is n-type. 

1 64. The HVFET of claim 58 further comprising: 

2 a tap diffusion region of the second conductivity type disposed in the first 

/ 

3 region near a perimeter boundary of the first region. 



1 65. The HVFET according to claim 58 wh'erein the buried region comprises 

2 a plurality of buried layers forming an associated plurality of JFET channels in the 
3q first region. 

m I 

1 J. 66. The HVFET according to claim/58 further comprising: 

n i / 

2[* a second buried region of the first conductivity type disposed beneath the 

3*1 source diffusion region. 

n 

ill 

1 67. The HVFET according to claim 66 wherein the second buried region 
l»5 / 

2 p extends beneath the channel regior 




1 68. A high voltage field-effiHt ti/ansistor (HVFET) comprising: 

2 a substrate of a first conductivity type; 

3 a first region of a' secondfconductivity type disposed in the substrate, the 

4 first region having a laterally extended portion that forms a lateral boundary with 

5 the substrate; | 

6 a drain diffusion region' of the second conductivity type disposed in the first 

7 region and separated from the lateral boundary by the laterally extended portion; 

8 a second region of the first conductivity type disposed in the substrate; 
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a source diffusion region of the second conductivity type disposed in the 
second region, a channel region being formed between \\rp source diffusion 
region and the lateral boundary; 

an insulated gate disposed above the channel region; 

a buried region of the first conductivity type sandwiched within the laterally 
extended portion of the first region to form a junction field-effect device in which 
current flows in the first region both above and below the buried region. 

69. The HVFET according to claim 68 ^herein the insulated gate extends 
laterally over the substrate from the source diffusion region to the lateral 
boundary. 

70. The HVFET according to clairry 68 wherein the second region is spaced- 
apart from the lateral boundary. 

71 . The HVFET according to claim 68 wherein the first region comprises an 
epitaxial layer. 

72. The HVFET according t<^<^im 68 wherein the buried region is 
connected to the substrate. 

73. The HVFET according to claim 68 wherein the buried region is spaced- 
apart from the lateral boundar 



74. The HVFET according to claim 68 wherein the first and second 
conductivity types are p-type and n-type, respectively. 
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1 75. The HVFET according to claim 68 wherein the firsyand second 

2 conductivity types are n-type and p-type, respectively. 

1 76. The HVFET according to claims 68, 69, 70, /l, 72, 73, 74 or 75 further 

2 comprising: 

3 an additional diffusion region of the first conductivity type disposed in the 

4 second region adjacent the source diffusion region. 

, . .™-/_ 

3j 3 a substrate of a first conductivity type; 

|= a first region of a second conductivity type disposed in the substrate, the 

^ first region having a laterally extended portion that forms a lateral boundary with 

5^ the substrate; / 

a drain diffusion region of the second conductivity type disposed in the first 

W region and separated from the lateral bjoundary by the laterally extended portion; 
8p a source diffusion regio/To|thfe second conductivity type disposed in the 

%** substrate and spaced-apart fromiM^lateral boundary of the first region, a 

10 channel region being formed between the source diffusion region and the lateral 

11 boundary; / 

12 an insulated gate disposed above the channel region; 

13 a first buried layer of me first conductivity type disposed in the substrate 

14 beneath the source diffusion/ region; 

15 a second buried layejf of the first conductivity type sandwiched within the 

16 laterally extended portion of the first region and spaced-apart from the lateral 

17 boundary so as to act as dn effective gate controlling dual current channels in the 

18 first region both above and! below the second buried layer. 
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1 78. The HVFET according to claim 77 wherein the insulatecTgate extends 

2 laterally over the substrate from the source diffusion region to \\/e lateral 

3 boundary. 



1 79. The HVFET according to claim 77 wherein the insulated gate extends 

2 laterally over the substrate from the source diffusion region to the second buried 

3 layer. / 

// 



1 80. The HVFET according to claim 77 wherein the first buried region is 
23 spaced-apart from the lateral boundary. 

U 81 . The HVFET according to claim 77 wherein the first and second 



s 



u 



2y conductivity types are p-type and n-type/ respectively. 



fti 82. The HVFET according to claim 77 wherein the first and second 

"1 / / 

2,* conductivity types are n-type and pijype, respectively. 




1 83. The HVFET according /o djaims 77, 78, 79, 80, 81 , or 82 further 

2 comprising / 

3 an additional diffusion region of the first conductivity type disposed in the 

4 substrate adjacent the sourqe diffusion region. 

ij 

I 

1 84. A high voltage fie|d-effect transistor (HVFET) comprising: 

2 a substrate of a first conductivity type; 

I 

3 a first region of a second conductivity type disposed in the substrate, the 

4 first region having a laterally extended portion that forms a lateral boundary with 



5 the substrate; 
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a drain diffusion region of the second conductivity typo/disposed in the first 
region and separated from the lateral boundary by the laterally extended portion; 

a source diffusion region of the second conductivity type disposed in the 
substrate and spaced-apart from the lateral boundary, an IGFET channel region 
being formed between the source diffusion regiopi and the lateral boundary; 

an insulated gate disposed above the LGFET channel region; 

a buried layer of the first conductivity type disposed in the substrate 

spaced-apart from the drain diffusion reoton, the buried layer extending through 

the laterally extended portion of the i\r&\ region to beneath the source diffusion 

/ 

region, the buried layer dividing the/irst region into an above region and a below 
region, the buried layer having on£ or more openings which connect the above 
and below regions. 

85. The HVFET accoc6ing to claim 84 further comprising: 
an additional diffusion region of the first conductivity type disposed in the 

substrate adjacent the source diffusion region. 

86. The HVFET/according to claim 84 wherein the buried layer extends beneath 
the drain diffusion region, at least one of the one or more openings being positioned 
close to the drain Diffusion region. 

87. The HyFET according to claim 84 wherein the one or more openings are 
hexagonal, square, circular, or triangular in shape. 

88. TheiHVFET according to claim 84 wherein the one or more openings are 
circular in shfape. 
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89. The HVFET according to claim 84 wherein^the one or more openings are 
arranged in a pattern. 

90. The HVFET according £ c^rrf 89 wherein the pattern is a checkerboard 
pattern. 

91. The HVFET according to claim 89 wherein the pattern creates buried layer 
sections that depleted a three-dimensional fashion. 

92. The jHVFET according to claim 91 wherein each of the buried layer sections 
are spheric 

93. A high voltage field-effect transistor (HVFET) comprising: 
a substrate of a first conductivity type; 

a epitaxial layer of a second conductivity type disposed on the substrate; 

a diffusion region of the first conductivity type disposed in the epitaxial 
layer, a junction being formed between the diffusion region and the epitaxial 
layer; 

a drain region of the second conductivity type disposed in the epitaxial 
layer and separated from the junction by a portion of the epitaxial layer; 

a source region of the second conductivity type disposed in the diffusion 
region, the source region being spaced-apart from the junction, a channel region 
being formed between the source region and the junction; 

an insulated gate disposed above the channel region; 

a buried layer of the first conductivity type disposed within the portion of 
the epitaxial layer spaced-apart from the drain diffusion region, the buried layer 
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15 acting as an effective gate to control dual current channels formed above and 

16 below the buried layer. 

1 94. The HVFET according to claim 93 wherein the buried layer is spaced- 

2 apart from the junction. 

1 95. The HVFET according to claim 93 further comprising: 

2 an additional buried layer of the first conductivity type disposed beneath 

3 the source region. 

O 

W5 96. The HVFET according to claim 93 wherein the insulated gate extends 

y * 

2lh* laterally over the substrate from the source region to the buried layer. 

i :.i 

\o 

1 5 97. The HVFET according to claim 96 wherein the insulated gate overlaps 

2yg the buried layer. 

fU 
o 

sssu 

ITT 98. The HVFET according to claim 93 wherein the buried layer extends 

2 beneath the drain region. 

1 99. The HVFET according to claim 93 wherein the buried layer is connected 

2 to the substrate. 

1 100. The HVFET according to claim 93 wherein the first and second 

2 conductivity types are p-type and n-type, respectively. 

1 101. The HVFET according to claim 93 further comprising: 

2 a source electrode connected to the source region; and 
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a drain electrode connected to the drain region. 

102. The HVFET according to claims 93, 94, 9 4 5, 96, 97, 98, 99, 100 or 101 
further comprising: 

an additional diffusion region of the first conductivity type disposed in the 
diffusion region adjacent the source region. 
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